This study aimed to assess the prevalence, clinical characteristics, and risk factors for sinistral portal hypertension in patients with moderate or severe acute pancreatitis.
Background
Sinistral portal hypertension, also known as left-sided portal hypertension, is characterized by isolated gastric varices caused by splenic vein thrombosis or occlusion following acute or chronic pancreatitis, pancreatic cyst, walled-off pancreatic necrosis, or pancreatic tumors, with normal liver function [1] [2] [3] . Acute or chronic pancreatitis is a major cause of sinistral portal hypertension [4] .
Anatomically, the splenic vein lies against the posterior surface of the pancreatic tail. Injury from persistent pancreatic inflammation and external compression from pancreatic necrosis or pseudocyst leads to stenosis, thrombosis, or occlusion of the splenic vein and thus the development of collateral vessels. Sinistral portal hypertension usually occurs following splenic vein thrombosis. The interval from the onset of acute pancreatitis to the diagnosis of sinistral portal hypertension is reported to range from 10 days to nine years, which makes it unlikely to be discovered during hospitalization or recognized during early follow-up. Most patients with sinistral portal hypertension are asymptomatic or have chronic abdominal pain, but upper gastrointestinal bleeding is a life-threatening clinical manifestation that is reported in between 4-17% of cases [5] [6] [7] [8] . The frequency of fatal bleeding ranges from 1.2-14.5% [9, 10] .
In a recent meta-analysis conducted by Guo et al., the pooled prevalence of splanchnic vein thrombosis, mainly splenic vein thrombosis, was 16 .6% in patients with acute pancreatitis and 11.6% in those with chronic pancreatitis [11] . However, because recent studies have mainly focused on the clinical course of splenic vein thrombosis, the natural history of sinistral portal hypertension induced by acute pancreatitis remains unclear. The aim of the present retrospective cohort study was to report the prevalence and clinical characteristics of sinistral portal hypertension in the setting of acute pancreatitis. Potential risk factors for sinistral portal hypertension were also studied.
Material and Methods

Patients
This retrospective single-center study was performed at Shengjing Hospital of China Medical University. The clinical records of patients who were discharged with acute pancreatitis were reviewed, and we found that all cases of acute pancreatitis-induced sinistral portal hypertension occurred in patients with moderate or severe acute pancreatitis, except for two with mild disease. Therefore, we included only patients with moderate or severe acute pancreatitis in this study. Patients aged <18 years, pregnancy, acute-on-chronic pancreatitis, or pancreatic tumor were excluded, as were those who did not have regular follow-up until complete absorption of peripancreatic collections. The study protocol was approved by the Institutional Review Board of Shengjing Hospital (Approval No. 2019PS409K, dated April 2 nd , 2019).
Diagnosis and definitions
Acute pancreatitis was diagnosed by acute onset of persistent, severe, epigastric pain often radiating to the back, serum lipase level or amylase level at least three times greater than the upper limit of normal, and characteristic findings of acute pancreatitis on computed tomography (CT) [12] .
According to the revised Atlanta criteria, moderate acute pancreatitis was defined as transient organ failure (<48 h) or local complications including acute peripancreatic fluid collection, pancreatic pseudocyst, and acute necrosis or walled-off necrosis. Severe acute pancreatitis was defined as local complications accompanied by organ failure lasting more than 48 hours [13] . The modified Marshall scoring system [14] was used to diagnose organ failure, as described in the revised Atlanta criteria.
The diagnostic criteria for sinistral portal hypertension included newly-formed collateral vessels, confirmed by contrastenhanced computed tomography (CT) or gastric fundal varices confirmed by endoscopy, the presence of splenomegaly or hypersplenism, and the exclusion of other causes of portal hypertension, such as hepatic cirrhosis or idiopathic portal hypertension. The definition of infection of walled-off pancreatic necrosis was by positive culture of fluid in the cavity by fine needle aspiration or the presence of gas bubbles within the cavity on CT. Persistent sepsis or progressive clinical deterioration was also suggestive of infection [15] .
Acute biliary pancreatitis was defined as the presence of gallstones or biliary sludge in the biliary tree or the gallbladder. Hypertriglyceridemia was diagnosed when the serum triglyceride level was >11.3 mmol/L or between 5.65-11.3 mmol/L (500-1000 mg/mL) with hyperlipemic serum [16] . Hyperglycemia was defined as blood glucose levels >10 mmol/L in more than two random samples. Other causes included drug abuse or a history of endoscopic retrograde cholangiopancreatography (ERCP) or abdominal surgery [17] . Patients were considered to be smokers if they were currently active smokers or if they had a history of active smoking (at least three cigarettes daily). Alcohol consumption was defined as drinking 20-40 g of alcohol daily for women, and 40-60 g of alcohol daily for men [18] .
Data collection
Patient characteristics, including age, gender, cause and recurrence of acute pancreatitis, smoking and drinking habits, and clinical parameters, including the Acute Physiology and Chronic Health Evaluation (APACHE II) severity score and the Ranson scores for severity of acute pancreatitis were evaluated on hospital admission. The CT severity index (CTSI) was recorded at one week after onset. C-reactive protein (CRP), D-dimer, and platelet levels were also analyzed during the most severe episodes of acute pancreatitis. Complications of acute pancreatitis, including organ failure, pancreatic infection, and mortality, were recorded. Characteristics associated with sinistral portal hypertension included the formation of collateral vessels, bleeding, splenomegaly, and hypersplenism during the course of hospitalization or follow-up were also evaluated.
Management and follow-up
All patients received medical treatment, including necessary intensive care, fluid therapy, pain control, nutritional support, and antibiotics for patients with proven infection. Percutaneous drainage was conducted in patients with infected walled-off pancreatic necrosis unresponsive to antibiotics. Subcutaneous low molecular weight heparin (38000-76000 IU/day) by subcutaneous injection was routinely used in patients with hypercoagulability.
Serial contrast-enhanced CT was routinely performed for patients with acute pancreatitis. CT evaluation was performed on multidetector helical CT scanners with 64 detector rows. Contiguous 3-mm axial sections were displayed from the diaphragm to the symphysis pubis. Patients received non-ionic intravenous contrast material with Loversol injection (Jiangsu Hengrui Pharmaceutical Co., Ltd.) that was administered at 5 mL/s at a volume of 100-150 mL. All patients were imaged in the portal venous dominant phase. Patients who were discharged with a local collection had regular CT scans between one to two months until the collection was completely absorbed. For patients with gastrointestinal bleeding or splenomegaly, contrast-enhanced CT or gastroendoscopy were required to confirm the diagnosis of sinistral portal hypertension.
Statistical analysis
Descriptive data were expressed as absolute numbers and percentages for qualitative variables and as medians and ranges for quantitative variables. The independent samples t-test was used for continuous variables, and the chi-squared or Fisher's exact test were used for categorical or discrete variables. Univariate analysis was performed, and those variables with P<0.05 were considered to be statistically significant. Multivariate analysis consisted of forward logistic regression according to the Wald statistic. Variables with a P<0.05 remained in the final logistic model. The adjusted odds ratios (ORs) and their respective 95% confidence intervals (CI) were presented in the final model. All statistical calculations were performed using SPSS statistical software, version 19.0 (SPSS Inc., Chicago, IL, USA).
Results
Descriptive analysis
A total of 3,154 patients were admitted to our hospital for treatment of acute pancreatitis from January 2011 to July 2018. There were 105 patients who developed sinistral portal hypertension. Only two patients had sinistral portal hypertension with mild acute pancreatitis, compared with 103 patients who had sinistral portal hypertension with moderate and severe acute pancreatitis. Because of the very low prevalence of sinistral portal hypertension in mild acute pancreatitis, we included only patients with moderate and severe acute pancreatitis in the study. Finally, a total of 825 patients (26%) who met the criteria for moderate and severe acute pancreatitis, including 594 patients (72%) with moderate acute pancreatitis and 231 patients (28%) with severe acute pancreatitis underwent regular follow-up (Figure 1 ). Among these, 103 patients (12.5%) developed sinistral portal hypertension. The median time to the diagnosis of sinistral portal hypertension was 8 months (range, 0.3-84 months). Sinistral portal hypertension was diagnosed in 15 patients (14.6%) during hospitalization, in 62 patients (60.2%) within one year of the latest episode of acute pancreatitis, and in 26 patients (25.2%) after more than one year. A total of 131 patients (15.9%) had recurrent acute pancreatitis, and the clinical data analyzed in these patients were from the most recent episode before the diagnosis of sinistral portal hypertension.
The median age of the patients was 39 years. The most common causes of acute pancreatitis were biliary (46.3%), hypertriglyceridemia (31.5%), alcohol (14.9%), and others (7.3%). All cases of sinistral portal hypertension were confirmed by contrast-enhanced computed tomography (CT), and 77 patients (74.8%) with collateral vessels on CT underwent endoscopy. Fifty-eight patients (56.3%) had varices in the fundus at endoscopy, 13 patients (12.6%) had bleeding, 72 patients (70%) had splenomegaly, and seven patients (6.8%) had hypersplenism. Most cases of sinistral portal hypertension were asymptomatic, but three patients had life-threatening hematemesis requiring surgery (one case is shown in Figure 2 ). Infected walled-off pancreatic necrosis was identified in 228 patients (27.6%). Organ failure, including acute respiratory distress syndrome (ARDS), renal failure, and shock occurred in 178 patients (21.6%), 157 patients (19%), and 107 patients (13%), respectively. Mortality in acute pancreatitis with sinistral portal hypertension and without sinistral portal hypertension occurred in 28 patients (3.9%) and five patients (4.9%), respectively.
Risk factors for sinistral portal hypertension
On univariate analysis, the factors that were significantly associated with sinistral portal hypertension were male gender (P<0.001), recurrent acute pancreatitis (P<0.001), hypertriglyceridemia (P<0.001), hyperglycemia (P<0.001), smoking (P=0.001), and infected walled-off pancreatic necrosis (P=0.026) ( Tables 1, 2 ). These variables underwent multivariate logistic regression analysis and were independently associated with the risk of sinistral portal hypertension ( and infected walled-off pancreatic necrosis (OR, 1.637; 95% CI, 1.061-2.524; P=0.015). A total of 541 patients underwent anticoagulation therapy during hospitalization, but there was no significant difference between the patients with or without sinistral portal hypertension.
Discussion
In the present study, we analyzed the clinical characteristics and risk factors for sinistral portal hypertension induced by moderate or severe acute pancreatitis. The rate of sinistral portal hypertension in all patients with acute pancreatitis was 3.3%. Because the prevalence of sinistral portal hypertension was Table 2 . Disease severity, complications, and anticoagulation in patients with or without acute pancreatitis (AP) and sinistral portal hypertension (SPH).
Qualitative variables are expressed as n (%); quantitative variables are expressed as median (range). * Significant at <0.05. AP -acute pancreatitis; WOPN -walled-off pancreatic necrosis; ARDS -acute respiratory distress syndrome.
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very low in patients with mild acute pancreatitis, our study included only those with moderate and severe acute pancreatitis (n=825); the rate of sinistral portal hypertension in this group was 12.5%.
Data for the prevalence of sinistral portal hypertension associated with sinistral portal hypertension are limited and differ among studies. Splenic vein thrombosis is reported in 16.4-36.4% of cases of acute necrotizing pancreatitis [19] [20] [21] . The incidence of sinistral portal hypertension associated with splenic vein thrombosis has been reported to be 57% in patients with pancreatitis [22] , and the frequency of gastrointestinal bleeding ranges from 37-100% [23] [24] [25] . In the present study, sinistral portal hypertension occurred in 3.3% of all cases of acute pancreatitis, and in 12.5% of cases of moderate or severe acute pancreatitis, which is similar to previous studies [19, 20] .
The time to recognition of sinistral portal hypertension following acute pancreatitis is not well elaborated, which may be due to the late onset of sinistral portal hypertension during the course of follow-up for acute pancreatitis. Harris et al. summarized the time to diagnosis of splenic vein thrombosis in 45 patients with acute pancreatitis and found that 18% were diagnosed with splenic vein thrombosis at presentation, 42% had thrombosis within one month, and 40% were diagnosed within one year of the onset of acute pancreatitis [26] . All of these patients had ongoing acute pancreatitis, which could be the cause of splenic vein thrombosis, and 47% of patients who had sinistral portal hypertension were asymptomatic [26] . In our study, the time interval between the diagnosis of sinistral portal hypertension and the last episode of acute pancreatitis was 8 months (range, 0.3-84 months). Sinistral portal hypertension was diagnosed in 14.6% of patients during hospitalization, in 60.2% during the first year after the latest episode of acute pancreatitis, and in 25.2% after more than one year. Most of the patients were asymptomatic, and the chronic development of clinical features explain the difficulty in recognizing the condition during acute hospitalization.
Collateral circulation and splenomegaly are the typical clinical characteristics of sinistral portal hypertension, unlike other causes of sinistral portal hypertension, including hepatic cirrhosis, where symptoms such as ascites, abdominal distention, and pain are not common. Varices are reported in 53.0% of cases, 12.3% of which are associated with gastrointestinal bleeding, and splenomegaly has been reported in 51.9% of patients [7] . Zhou et al. retrospectively studied 104 patients with acute necrotizing pancreatitis complicated by splenic vein thrombosis and found that the incidence of variceal bleeding, persistent ascites, and intolerance to enteral feeding was 1.92%, 18.3%, and 13.5%, respectively [27] . In the present study, 74.8% of patients with sinistral portal hypertension had collateral blood vessels on computed tomography (CT) scan, and 56.3% had varices on endoscopy. Although most affected patients have splenomegaly, few patients have splenic pain or develop leukopenia or thrombocytopenia [2] , and in our study, only 6.8% had hypersplenism.
The reported incidence of gastrointestinal bleeding varies, ranging from 1.92-18.0%, and in one study with a relatively long follow-up period, bleeding occurred in 3.8% of 53 patients [26, 27] . The variations in bleeding rates may reflect the differences in follow-up periods [7] . Therefore, for patients with acute pancreatitis, especially those with risk factors for sinistral portal hypertension, prolonged monitoring may be suggested, while for those with known sinistral portal hypertension, preventive measures such as appropriate dietary restrictions and patient education for early recognition of gastrointestinal bleeding should be provided.
In the present study, male gender, recurrent acute pancreatitis, hypertriglyceridemia, hyperglycemia (serum glucose >10 mmol/L in at least two random samples), infected walledoff pancreatic necrosis, and smoking were independent predictors of sinistral portal hypertension in acute pancreatitis The finding that sinistral portal hypertension was more common in men (79.6%; P <0.001) was supported by the findings from a previous study by Roach et al., which also showed a higher Table 3 . Multivariate logistic regression analysis for sinistral portal hypertension.
OR -odds ratio; CI -confidence interval. * Significant at <0.05.
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risk of splenic vein thrombosis in men [28] . Nearly half (48.5%) of the patients with sinistral portal hypertension in our study had recurrent acute pancreatitis. Recurrent acute pancreatitis increased the risk of sinistral portal hypertension by a factor of 9.56. Similarly, a prospective study by Rebours et al. showed that splenic vein thrombosis occurred in 40% of patients with recurrent acute pancreatitis, and 68% of patients with splenic vein thrombosis due to recurrent acute pancreatitis or chronic pancreatitis developed sinistral portal hypertension during a median follow-up of 1.79 years (range, 0.48-5.36 years). Splenic vein thrombosis is a frequent complication of recurrent acute pancreatitis, and is associated with local inflammatory changes, but not with prothrombotic states [29] .
Although the leading causes of moderate and severe acute pancreatitis in our study were gallstones (46.3%), hypertriglyceridemia (31.5%), alcohol (14.9%), and other causes (7.3%) that included drugs, endoscopic retrograde cholangiopancreatography (ERCP), abdominal surgery, and viral infection, only hypertriglyceridemia, and not biliary or alcoholic acute pancreatitis, was identified as a risk factor for sinistral portal hypertension in our study population. Infected walled-off pancreatic necrosis in moderate and severe acute pancreatitis also increased the risk of the development of sinistral portal hypertension by a factor of 1.64. The incidence of sinistral portal hypertension in patients with infected walled-off pancreatic necrosis was 36.9%. This finding might be explained by the increased local inflammatory reaction surrounding the splenic vein during infection. Sinistral portal hypertension was also more common in smokers, which is supported by the findings from a previous study by Toqué et al., which indicating that heavy smoking was a risk factor for thrombosis [18] . An earlier study from Severinsen et al. also showed an increased risk of thrombosis beyond thresholds of 20 g/day tobacco for women and 30 g/day for men [30] .
There is limited information about anticoagulation in patients with sinistral portal hypertension. Although the majority of patients with acute splenic vein thrombosis have received anticoagulation with heparin and warfarin, the decision to anticoagulate is still controversial because of the low recanalization rate and the increased risk from bleeding [18, 26, 31, 32] . In our study, there was no correlation between sinistral portal hypertension and early anticoagulation during hospitalization for acute pancreatitis, which suggests that the formation of collateral vessels is a chronic process that is mainly promoted by local inflammation rather than by the hypercoagulability that is common in severe acute pancreatitis.
This study has several limitations. First, as a retrospective study, a certain number of patients might have been missed during follow-up, which reduces the estimated incidence of sinistral portal hypertension. Second, although we were unable to find an association between the development of sinistral portal hypertension and early anticoagulation, further prospective studies are needed to clarify whether other interventions, such as early drainage of the pancreatic collection, can reduce the risk of sinistral portal hypertension. Despite these limitations, we identified risk factors for sinistral portal hypertension in the setting of severe acute pancreatitis in one of the largest study cohorts to date. Our study provides an account of the natural history of sinistral portal hypertension and a valuable assessment of the risk factors, which are useful for advancing awareness and prevention of sinistral portal hypertension in selected patients.
Conclusions
Sinistral portal hypertension is commonly asymptomatic and occurs in moderate or severe acute pancreatitis and has a male preponderance. Hypertriglyceridemia, hyperglycemia, infection of walled-off pancreatic necrosis, recurrent relapse, and smoking are all independent predictors of sinistral portal hypertension. In this study, there was no association between early anticoagulation and sinistral portal hypertension. Sinistral portal hypertension was a delayed complication of acute pancreatitis, and prolonged monitoring during follow-up is suggested in cases of moderate or severe acute pancreatitis with the risk factors identified in this study.
